The defected ground structure (DGS) is one such technique which where intentionally modified to enhance the performance of the ground plane metal of a microstrip circuit. Importantly, in microwave application, the DGS plays an important role in analyzing the effect of surface and leaky waves. During the time of experimental analysis, the surface and leaky waves are affected by the propagation uncertainties. Hence, the performance of microstrip circuit is also affected. So, proper mathematical model is needed for analyzing the propagation uncertainty of DGS and to improve the performance. In this paper, the curve fitting mathematical model is proposed for analyzing the propagation uncertainty. In the proposed model, the bi-segmentation process is applied to the experimental characteristics. The proposed curve fitting model is implemented and the Rectangular Periodic defected ground structure propagation uncertainties are analyzed.
INTRODUCTION
Currently, the defected ground structure (DGS) is gaining much attention in the fields of microwave and millimeter wave applications [1] . It is extensively used in microwave circuit design such as power divider, power amplifier and specifically in filter design [3] [20] . High performance, compact size and low expense often meets the stringent requirements of modern microwave communication systems [4] . Ultra-wideband (UWB) technology has turned into one of the most competent solutions for future short-range highspeed indoor data communication applications [9] . Nowadays, there is an increasing interest in developing UWB radio for short-range high-speed wireless communication networks [10] . DGS is realized by engraving off a simple shape defect from the ground plane. The shielded current distribution in the ground plane is disturbed based on the shape and dimensions of the defect, resulting in a controlled excitation and propagation of the electromagnetic waves via the substrate layer [5] . The effect of DGSs is to place parallel inductance and capacitance in the lumped model, which includes a pole to the transfer function and results in a resonant frequency [7] . DGS has the characteristics of stop-band, slow-wave effect, and high impedance that have been created to reduce the harmonics as well as to realize the compact physical dimensions of RF circuits [8] .
Today, DGS for the microstrip lines that has engraved defects in the backside metallic ground plane has become one hot area in microwave integrated circuits (MIC) design [6] [16] . In numerous wireless communication systems, microstrip patch antennas are utilized widely because of their several benefits such as low profile, light weight, easy fabrication and conformability to mounting structure [12] [18] . EBG structures realized on metal layers are helpful for creating filters such as band-stop filters, low-pass filter, phase shifters and antennas [15] . Numerous shapes of DGS slot have been studied in planar microstrip antenna designs, which provides better performances-size diminution (lower resonant frequency), impedance bandwidth enhancement (lower quality factor), and gain increasing [11] . DGS have received substantial interests, because they can refuse certain frequency bands, and hence it is called electromagnetic band gap (EBG) structures [2] . DGS and the Electromagnetic band gap (EBG) structures, generally called as the photonic band gap structures (PBG), are the two diverse types of generic structures employed for the design of the compact and high performance microwave components [13] . Application of DGS and EBG will minimize the dimensions of the divider as well as improves its scattering parameters [7] . Periodic structures have received a great attention in diverse antenna applications namely, frequency selective surfaces, corrugated horn antenna, and leaky wave antennas [17] . DGS also has a periodic structure, but it is simple to construct, because DGS patterns are realized when the PCB of the amplifier circuit is engraved at the same time [19] .
The DGS reduce the mutual coupling between the microwave antenna array elements. The effect of mutual coupling increases the propagation uncertainty of microwave antenna. So, the accuracy of the propagation of microwave is affected and more chance for occurring confliction in the DGS size. To overcome this problem, a curve fitting mathematical model for analyzing the experimental model uncertainty is proposed in this paper. The function of the proposed curve fitting mathematical model is to determine the size of the DGS. The detailed problem formulation and the proposed curve fitting model are described in Section 3. Before that, the recent related researches are analyzed in Section 2. In Section 4, the results and discussion of the proposed model is described. In Section 5, conclusion of the paper is given.
RELATED RESEARCH WORK: A REVIEW
Several research works already exist in the literatures that are based on the characteristics of DGS are reviewed in this section. X. Q. Chen et al. [21] have proposed a dual band transmitter that functions either as power amplifier or frequency double with the stop band characteristic of DGS. It works as a power amplifier at 2.4 GHz which satisfies the 802.11b/g wireless LAN standard or functions as an active frequency double at 6.8 GHz which relies on the input frequency. The equivalent circuit and the stop band characteristic of the proposed microstrip DGS have been evaluated and simulated. Also, it has been found that for the proposed transmitter, the second harmonic suppression was below −52.6 dBc in the amplifier mode, and the fundamental suppression was below −41 dBc in the frequency double mode with the stop band characteristic of DGS. The proposed transmitter has utilized a GaAs InGaP Hetero junction broadband MMIC. It has achieved 13.7dBm of P1dB and its gain was 16.5 dB in amplifier mode, and its maximum output power was 7.8dBm at 6.8 GHz in frequency double mode. Susanta Kumar Parui et al. [22] have designed a popular splitring type defected ground structure under a microstrip line by an equivalent circuit. The frequency characteristics of the proposed unit cell have shown an attenuation zero close to its attenuation pole frequency. A 3rd order elliptic low pass filter has been designed by the proposed DGS. Also, the equivalent LC parameters have been extracted. The effect of split-gap variation for the DGS unit on pole and cutoff frequencies has been investigated. Two DGS cells with diverse pole frequencies cascaded under a microstrip line has obtained a sharp and deep low pass filter. The pass band insertion loss has been minimized through a high-low impedance line instead of using the standard line. A prototype filter has been constructed with Arlon substrate. The simulated S-parameters have been compared with its experimental measurement results. A DGS, which has better slow-wave effect than the cross or dumbbell one has been proposed by J. X. Liu et al. [23] . Its equivalent parameters have been extracted using the model of transmission line. Then, the proposed DGS with good omnidirectional properties has been employed in the design of a proximity coupled antenna for increasing its efficiency. The size of the developed antenna was about 68% smaller than that of the traditional one. Moreover, the protrudent stub length has been diminished from 26.9mm to 18.94 mm by adding two artificial cells on the feed line. Finally, the size of proximity coupled antenna has been diminished substantially by means of the DGS and artificial cells.
For the dumbbell-shaped DGS, Yuchun Guo et al. [24] have proposed an enhanced equivalent circuit parameters extraction technique. The equations for the parameters extraction have been obtained in closed-form expressions, which have S11 and S21. The DGS unit with center frequency of 5 GHz has been designed and constructed on a TLX substrate with thickness of 1 mm and dielectric constant of 2.55. The circuit simulated results are in good concurrence with the measured results. The proposed parameters extraction technique has been extensively exploited for the design and analysis of DGS.
The effect of inserting a rectangular shape DGS into the ground plane of the conventional rectangular microstrip patch antenna (CRMPA) has been described by Mouloud Challal et al. [25] . The performances of the CRMPA have been characterized by changing the dimensions of the rectangular slot (RS-DGS) as well as by placing the RS-DGS at particular position.
Tamasi Moyra et al. [25] have developed a modified Pi shaped microstrip DGS structure. The elliptic function response and almost ideal low pass filtering characteristics have been exhibited by the proposed DGS. The stop band has been tuned by altering the length and width of the connecting transverse slot. A substantial improvement in insertion loss has been achieved by including capacitively loaded microstrip line or alternative transmission line above DGS. Also, the circuit size has been reduced by this approach. A three-pole LPF has been realized by integrating three DGS units of diverse dimensions under capacitive loaded microstrip line.
PROBLEM STATEMENT AND PROPOSED METHODOLOGY
In the related work section, the different kinds of DGS structures and their propagation characteristics are analyzed. The propagation characteristic of DGS is varied based on their structure changes and it affects the performance of designed microwave antenna. So, the propagation uncertainty is occurred. Hence, an analytical model is needed for analyzing the propagation characteristics uncertainty of DGS structure. In existing works, there is no proper model for analyzing the uncertainty of wave dispersion and transmission characteristics of DGS structures. The reason for occurring propagation uncertainty is the gap between adjacent slots of DGS. The model determines the performance of DGS structures and realizes the slow wave effect. When the DGS structure is used without proper model, the performance, slow wave effect, and Q-factor are affected. Moreover, the surface wave polarization of DGS structure is also affected by the microwave integrated circuit. In this paper, an integrated multi-segmentation curve fitting mathematical model is proposed for analyzing the propagation characteristics and the propagation uncertainty of DGS structure. The proposed mathematical model is based on the Rectangular Periodic DGS and their microwave propagation characteristics. The Rectangular Periodic of DGS, the equivalent circuit model, and the proposed methodology are described in the following section.
Rectangular Periodic DGS and Equivalent Circuit
Defected Ground Structures (DGS) are implemented by etching slots Rectangular shape in the ground planes. They have been employed to improve the performance in multiple applications such as filters, couplers or dividers, microwave circuits as well as to reduce the mutual coupling between the elements of antenna arrays [27] . In this application, the parameters considered are the shape of unit DGS, the distance between two DGS, and the distribution of Rectangular Periodic DGS. As well as the DGS can improve the performance of the antenna, restrain harmonious, and decrease the mutual coupling of antenna array by containing the surface waves. The additional equivalent components and the increased slow wave effect are the important properties of DGS because, it can be realized and the equivalent circuit can be reduced using these properties. Some of the DGS units and the structures are described in Fig.1 .
In Fig.1  is the resonance angular frequency, and c  is the cut off angular frequency of the RLC resonator. In this DGS, the dispersion of microwaves and the surface wave power transmission characteristics are analyzed. Then, from these propagation characteristics, the propagation uncertainty is analyzed by the proposed curve fitting model. An accurate curve fitting results obtained by the curve fitting model is used to determine the size of the DGS. Also, it is used to choose an exact equivalent circuit parameter for the required inductance. The proposed curve fitting model is discussed deeply in the following section.
.
Curve Fitting Mathematical Model
The curve fitting is the process of developing mathematical model and analyzing the best possible fit of a curve. The Mathematical model is developed from the characteristics of experimental data. In this paper, a multi segmentation based curve fitting method is developed. The objective of the proposed method is to segment the propagation characteristics and to develop an integrated model of the corresponding segment characteristics. From the integrated model, the uncertainty of the segmentation characteristics is analyzed. The experimental data is obtained from the propagation characteristics of Periodic Defected Ground Structure (PDGS). Then, the curve fitting based generated model is chosen as the reference model and using the reference model, the propagation uncertainty of the experimental data is determined.
In Fig.1 , Rectangular Periodic DGS structure are chosen to develop the curve fitting mathematical model and analyze the propagation uncertainty.. Then, the considered DGS structures dispersion and the surface power transmission of microwave are analyzed. In the considered characteristics, the curve fitting process is applied. The curve fitting process is performed by polynomial curve data points.
The steps used for developing the curve fitting mathematical model are described as follows. Step 1: Initialize the DGS structure and the appropriate experimental microwave characteristics.
Step 2: Develop the general equation.
Step 3: Apply bi-segmentation process in the microwave characteristics. The output of the bi-segmentation process is denoted as Step 4: Apply multi-segmentation process and develop the integration model.
Step 5: Determine the uncertainty of the experimental characteristics. Then, the polynomial equation used for developing the curve fitting model is described as follows. (6) 21 S is the microwave transmission coefficient, f is the frequency in kHz.
In eq.5, the brillouin, bounded wave, and leaky wave zones are analyzed separately. Then, the graph segmentation process is applied to the characteristics. The number of segmentation 
The matrix model expression of the above equation can be represented as, 
Then, solving the eqn (6), (7) and (8), the curve coefficient values are determined. From the determined curve coefficient values, a new equation model and the corresponding characteristics are generated. Likewise, the mathematical model and the corresponding output performance of the DGS are analyzed. The matrix model of surface wave transmission of microwave is described as follows. 
RESULTS AND DISCUSSION
The proposed curve fitting mathematical model is implemented in MATLAB working platform. Then, the dispersion and surface transmission microwave characteristics are chosen for analyzing the proposed model. The analyzed results are compared with experimental model of DGS structure. The analyzed DGS structure are Rectangular, PDGS. From the experimental results of the Rectangular Periodic DGS structure, the curve fitting mathematical model is developed. The propagation characteristics of the curve fitting model are analyzed with the experimental characteristics. Then, from the analyzed characteristics, the propagation uncertainty is determined. After that, the error deviation improvement of the proposed model is evaluated. The dispersion and surface transmission of microwave of rectangular PDGS are described as follows.
Rectangular PDGS:
In the rectangular PDGS, the cells are arranged as an array in same spacing direction. Then, the propagation characteristics of the periodic structure are analyzed. The dispersion characteristics of the periodic structure are determined at different periodic boundary condition. The boundary condition is applied on the sides of the cell and a perfectly matched layer on the top and bottom open walls. Then, the phase constant between the two sides of the unit cell is fixed to 0 and the phase between other two sides of the unit cell is varied from 0 to  degrees. The dispersion characteristics and the surface wave transmission characteristics of rectangular PDGS are shown in Fig.3 and Fig.5 . The formula is used for determining the percentage of error deviation is described as following them
In Fig.5 , the dispersion and surface transmission characteristics errors of periodic structures is analyzed for both mathematical model and experimental model. Then, the percentage of error deviation of the proposed model is determined from the experimental model. The error deviation of different periodic structure is plotted in bar chart. From the performance of error deviation, it is clear that the proposed curve fitting mathematical model error is reduced remarkably. So, the proposed mathematical model based periodic structure characteristics analysis is better than the experimental model. Because, the proposed model characteristics analysis helps to design an accurate periodic structure and also reduces the propagation uncertainty.
CONCLUSION
In this paper, a curve fitting mathematical model was proposed for analyzing the propagation uncertainty of microwave antenna. For analyzing the propagation uncertainty (error), the proposed model results were compared with the experimental model. Here, the rectangular, dumbbell, and cross dumbbell DGS structures were used for analyzing the propagation characteristics. The DGS structure dispersion and surface wave transmission characteristics were considered for evaluating the performance of the proposed model. The bounded, leaky and brillouin wave zone boundary were chosen for analyzing the dispersion wave attenuation. From the error deviation, it was clear that the error of the proposed curve fitting model was deviated than the experimental model. Thus, the proposed curve fitting model was more efficient in determining the accurate size of DGS. In future, more DGS structure will be considered for analyzing the performance of proposed curve fitting model.
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